This article provides an outline of the federal government's occupational health and personnel suitability guidance to work with certain highly infectious and dangerous pathogens. It also includes the results of a survey conducted by Arizona State University regarding the individual requirements to work with these materials. Research shows that a limited number of tools are available to determine the necessary elements of pre-access personnel suitability assessments, ongoing personnel suitability assessments, and occupational health programs for personnel working with Tier 1 and non-Tier 1 Biological Select Agents and Toxins (BSAT). Self-reported answers from biosafety and biosecurity professionals regarding these issues are evaluated here.
Introduction
In 2012, the federal government issued revisions to the United States Select Agent Regulations (SAR) (CDC, 2012) . For the purposes of this article, the SAR includes Part 331 of Title 7, Part 121 of Title 9, and Part 73 of Title 42 of the Code of Federal Regulations. Several revisions to the SAR have had a dramatic impact on organizations working with BSAT. Of note are the requirements for personnel suitability assessments and occupational health programs for organizations working with a newly defined category (i.e., Tier 1) of BSAT.
U.S. Executive Order 13546 defines BSAT as those agents or toxins "with the potential to pose a severe threat to public health and safety, animal and plant health, or animal and plant products and whose possession, use, and transfer are regulated by the Department of Health and Human Services and the Department of Agriculture" (Executive Order, 2010) . Tier 1 BSAT are a subset of select agents and toxins "that present the greatest risk of deliberate misuse with the most significant potential for mass casualties or devastating effects to the economy, critical infrastructure, or public confidence" (CDC, 2012) . A complete list of select agents and toxins is available on the Centers for Disease Control and Prevention (CDC) and the Animal and Plant Health Inspection Service (APHIS) National Select Agent Registry at www.selectagents.gov.
When the SAR were promulgated, limited information was available regarding how to develop and implement pre-access personnel suitability assessments, ongoing personnel suitability assessments, and occupational health programs at institutions working with BSAT. Although the United States Army (U.S. Army, 2008) , Nuclear Regulatory Commission (NRC, 2005) , National Science Advisory Board for Biosecurity (NSABB, 2011) , and the National Institutes of Health (Skvorc et al., 2011) have published documents related to personnel surety, the aforementioned requirements for BSAT were not included. Thus, this article examines the two guidance documents that were published in response to the promulgation of the SAR: 1) Occupational Health Program Guidance Document for Working with Tier 1 Select Agents and Toxins (CDC/APHIS, 2013b), and 2) Guidance for Suitability Assessments (CDC/ APHIS, 2013a).
The SAR include requirements for personal suitability programs at organizations with Tier 1 BSAT. Specifically, the SAR require each institution with Tier 1 BSAT to include the following items in the entity security plan: 1. Self-and peer-reporting of incidents or conditions that could potentially affect an individual's ability to merit access to or work with select agents and toxins, or to safeguard select agents and toxins from theft, loss, or release. 2. The training of employees with access to Tier 1 select agents and toxins on entity policies and procedures for reporting, evaluation, and corrective actions concerning the assessment of personnel suitability. 3. The ongoing suitability monitoring of individuals with access to Tier 1 select agents and toxins.
Guidance for Suitability Assessments defines a suitability assessment program as "a combination of pre-access and ongoing suitability practices, in conjunction with comprehensive and consistent review mechanisms, determining the reliability of personnel for access to Tier 1 BSAT, and allowing individuals to report risks and threats to safety and security concerning Tier 1 BSAT to entity leadership" (CDC/APHIS, 2013a).
The SAR also require that individuals with access to Tier 1 BSAT must be enrolled in an occupational health program. One question that may arise from this new requirement is, "What is an Occupational Health Program?" According to an international group of experts convened by the International Labor Organization and the World Health Organization in Geneva in 1950, "Occupational health should aim at: the promotion and maintenance of the highest degree of physical, mental, and social well-being of workers in all occupations; the prevention among workers of departures from health caused by their working condi-tions; the protection of workers in their employment from risks resulting from factors adverse to health; the placing and maintenance of the worker in an occupational environment adapted to his physiological and psychological equipment, and, to summarize: the adaptation of work to man and of each man to his job" (Joint ILO/WHO/Committee on Occupational Health, 1953).
The SAR states, "The biosafety plan must include an occupational health program for individuals with access to Tier 1 select agents and toxins, and those individuals must be enrolled in the occupational health program" (CDC, 2012) . As such, the goal of the occupational health program is to "have a well trained workforce adequately prepared for the unique hazards presented by the Tier 1 BSAT in the workplace; with the ability to promptly detect and treat LAIs to reduce any adverse impact to worker safety and public health" (CDC/APHIS, 2013b).
This article summarizes the regulatory requirements for personnel suitability and occupational health requirements and examines the practices currently taking place at organizations with BSAT in comparison to what is currently required by federal regulations. This was an exploratory, informational study that seeks to begin to answer descriptive questions regarding these programs. The research question for this article is: What are the most common components for personal suitability and occupational health programs at organizations working with Tier 1 BSAT?
Method Procedure
In March 2014, the Biosafety and Biosecurity group at Arizona State University conducted an assessment of biosafety professionals to evaluate the different components of Tier 1 BSAT personnel suitability and occupational health programs. An 11-question survey was sent to 1,561 individuals who were listed as Institutional Biosafety Committee contacts in accordance with the National Institutes of Health Office of Biotechnology Activities, as well as individuals associated with the American Biological Safety Association. Participation in the survey was optional and voluntary. 300 respondents completed the survey. Aggregated data and summarized results were used in the research for this article, and respondents are not identified in any way.
Participants
Participants were a member of: Public academic (30.0%, n = 90), private academic (11.7%, n = 35), government (10.3%, n = 31), healthcare (7.7%, n = 23), non-profit (7.3%, n = 22), consultant/contractor (7.3%, n = 22), pharmaceutical (5.0% n = 15), commercial (2.0%, n = 6), other (5.7%, n = 17), and unreported (13.0%, n = 39). The participants worked for: a facility where respondents indicated that BSAT were used (39.3%, n = 118), a facility where respondents indicated that BSAT were not used (49.0%, n = 147), and a facility where respondents were uncertain if BSAT were used (11.7%, n = 35).
Measures
The following questions specific to this study were included in the survey: 1) "Does your institution have a Personnel Suitability Program for individuals with access to Tier 1 Biological Select Agents or Toxins (BSAT)?" 2) "What suitability checks are done prior to granting an individual access to a Tier 1 BSAT?" 3) "What suitability checks are done on an ongoing basis for individuals with access to a Tier 1 BSAT?" 4) "What suitability checks are done on a 'For-Cause' basis for individuals with access to a Tier 1 BSAT?" 5) "Does your institution have an Occupational Health Program for Tier 1 BSAT?" 6) "What preaccess vaccinations are required as part of the Occupational Health Program for Tier 1 BSAT?" 7) "What are the preaccess medical exam elements of the Occupational Health Program for Tier 1 BSAT?" 8) "What are the pre-access blood/lab elements of the Occupational Health Program for Tier 1 BSAT?" 9) "What are the ongoing medical exam elements of the Occupational Health Program for Tier 1 BSAT?" 10) "What are the ongoing blood/lab elements of the Occupational Health Program for Tier 1 BSAT?" 11) "Which of the following categories best describes your place of employment?" Pre-populated answers were available as choices, with an option for respondents to write a unique response. Some questions were conditional upon the results of other questions.
Results
Out of the 300 unique respondents who completed the survey, 118 indicated their institution had a Personnel Suitability Program for individuals with access to Tier 1 BSAT. One hundred forty-seven respondents indicated they did not have a program, and 35 respondents indicated they were unsure if their organization had such a program ( Figure 1) .
When asked if the respondent's institution had an Occupational Health Program for Tier 1 BSAT, 80 respondents indicated in the affirmative; 4 respondents said no, and 1 respondent was unsure if such a program existed at his or her organization ( Figure 2 ).
Tables 1 through 11 provide the raw data for each question in the survey. The differences in totals for Tables 1 to 4 and 5 to 11 reflect that respondents may have answered the section of the questionnaire that addresses either occupational health or personnel suitability, or both.
Discussion
The Occupational Health Program Guidance Document for Working with Tier 1 Select Agents and Toxins describes guidelines for an occupational health program for Tier 1 BSAT. Table 11 summarizes these guidelines.
One of the challenges with the information included in Table 11 is trying to determine what specific tests/ assessments should be included in the pre-access placement examination. The Occupational Health Program Guidance Document for Working with Tier 1 Select Agents and Tox-ins states, "Workers who may be exposed to a Tier 1 BSAT should receive a thorough medical evaluation prior to initiation of work or contact with these agents. The healthcare provider should review any previous and ongoing medical problems, current medications, allergies, and prior immunizations in order to determine an individual's medical fitness to perform the duties of a specific position and what medical services are needed to permit the individual to safely assume the duties of the position" (CDC/APHIS, 2013b). This is good general advice, but it does not provide guidance to physicians about which baseline or ongoing medical tests and screens should be performed for each agent being used. Landon et al. (2014) writes in Applied Biosafety that three factors are important when choosing an occupational health provider. These three factors have been paraphrased and reorganized here: It is important to involve an occupational health provider that 1) understands safety, the regulatory landscape, and the needs of individuals in the program; 2) has fundamental experience with infectious disease med- What suitability checks are done prior to granting an individual access to a Tier 1 BSAT? Table 3 What suitability checks are done on an ongoing basis for individuals with access to a Tier 1 BSAT?
Articles Table 4 What suitability checks are done on a "For-Cause" basis for individuals with access to Tier 1 BSAT? What are the pre-access medical exam elements of the Occupational Health Program for Tier 1 BSAT?
Articles Table 8 What are the pre-access blood/lab elements of the Occupational Health Program for Tier 1 BSAT? What are the ongoing blood/lab elements of the Occupational Health Program for Tier 1 BSAT? icine or can quickly obtain necessary information about infectious disease; and 3) is an integral part of the occupational health program supporting the research operations (Landon et al., 2014) .
To fulfill the occupational health program requirements for institutions working with Tier 1 BSAT, the biosafety/biosecurity team at Arizona State University, in collaboration with University stakeholders, developed a memorandum of understanding with campus health services that details the specific baseline and ongoing medical exams and tests for personnel involved with Tier 1 BSAT. Additional exams and tests vary depending on health history responses and whether the individual is working with organisms that require unique screening (e.g., hemochromatosis testing).
The guidance document Biosafety in Microbiological and Biomedical Laboratories, or BMBL, published jointly by the Centers for Disease Control (CDC) and the National Institutes of Health (NIH), discusses occupational health considerations as a method to protect worker health and to help prevent laboratory acquired infections (LAIs). The BMBL states, "Preexisting diseases, medications, compro-mised immunity, and pregnancy or breast-feeding that may increase exposure to infants to certain agents, are some of the conditions that may increase the risk of an individual acquiring a LAI. Consultation with an occupational physician knowledgeable in infectious diseases is advisable in these circumstances" (U.S. HHS, 2009). While the BMBL does address occupational health, "it does not specifically include mention of resources to address mental or emotional health" (NRC, 2009 ).
This survey attempted to determine what other organizations are doing to meet the federal occupational health program requirement for Tier 1 BSAT. To better understand the responses to each question, the data were analyzed to determine if there were general trends. The totals for each possible answer were aggregated and then divided that number by the maximum total responses. For example, if no organization was conducting a specific medical screening, the total for each possible answer to this question would be 0%, but if every organization were doing the same testing, it would be 100%. Table 12 provides an analysis of the responses regarding the pre-access occupational health program components Articles   Table 11 Guidelines for an Occupational Health Program for Tier 1 BSAT.
Agents

Pre-Placement Examinations Immunization
Respiratory Protection Program
Emergency Medical Evaluation
Post-Exposure Management
Isolation Protocols
Bacillus anthracis X X* X* X X at organizations working with Tier 1 BSAT, and Table 13 provides an analysis of the ongoing access occupational health program components. The only vaccination provided at more than a quarter of the responding organizations is for hepatitis B virus. This is likely due to the requirement from the Occupational Safety and Health Administration that mandates that employers provide the hepatitis B vaccine to employees covered under the Bloodborne Pathogens standard, "The employer shall make available the hepatitis B vaccine and vaccination series to all employees who have occupational exposure, and post-exposure evaluation and follow-up to all employees who have had an exposure incident" (DOL, 1992) . Also, approximately 34% of survey participants reported being screened for tuberculosis for pre-access and approximately 32% for ongoing access. This may be attributed to work with animals or facilities that house both BSAT and tuberculosis research projects.
The subsequent issue to consider is the federal guidance for personnel suitability. Table 14 provides examples of personnel suitability assessments as described in the government document, Guidance for Suitability Assessments (CDC/APHIS, 2013a).
The Guidance for Suitability Assessments also states that the following information should be collected for people in a supervisory role, "Review of performance evaluations; history of grievance/complaint records; information gathered upon exit interviews with staff; history of reten-tion of subordinate staff; record of previous or current collaborations; history of compliance with the federal select agent regulations; and life-changing events (personal and professional)" (CDC/APHIS, 2013a).
These survey results provide a glimpse at what other facilities are doing to comply with personnel suitability requirements. Table 15 provides an analysis of responses regarding personnel suitability pre-access assessments, ongoing access assessments, and for-cause assessments at organizations working with Tier 1 BSAT. For this article, for-cause assessments are those tests and screens performed when an individual exhibits observable (or is reported to observe) signs and symptoms that cause concern for his or her well-being, that of others, or the safety and security of the organization or Tier 1 BSAT.
For those individuals who indicated that they have Tier 1 BSAT at their institutions, 75% to 100% perform the following pre-access suitability assessments: Criminal Conviction History, Education Check, Employment Verification, and Federal Bureau of Investigation (FBI) FD-961 Form. Similarly, 75% to 100% perform only a Performance Evaluation for ongoing suitability assessments. Regarding for-cause suitability assessments, there was no overwhelming consensus. However, 50% to 75% of respondents reported that they perform the following checks: Criminal Conviction History and Fitness for Duty Testing. A full summary of suitability assessments is provided in Table 15 .
Articles
Frequency Vaccination/Titer Medical Exam Components Blood/Lab Components
>75-100%
Health Questionnaire Respirator Medical Clearance
>50-75%
No Vaccination/Titer Required Physical Exam Respirator Fit-Test
25-50%
Hepatitis B Examples of Suitability Assessments Provided in the Guidance for Suitability Assessments.
Pre-Access Suitability Assessments Ongoing Suitability Assessments
Criminal history Annual evaluations as part of an occupational health program or independent evaluation Personnel records review (e.g., credit checks, driving records) Self reporting of conditions and behaviors of concern Source: Table modified from recommendations in the Guidance for Suitability Assessments, 2013.
That approximately 83% of respondents said that individuals must complete the FBI Bioterrorism Security Risk Assessment Form (FD-961) as part of the pre-access suitability assessment is very important to consider. In the United States, individuals requesting access to select agents or toxins must complete this form and undergo the requisite background check. Thus, some of the respondents to the survey may have been from other countries. Respondents may have also been uncertain as to what was meant by the terminology "FBI FD-961 Form" or believed that the options for "Criminal Conviction History" or "Fingerprinting" were the same thing. Alternatively, respondents may not have considered the FD-961 form part of their specific personnel suitability program, since it is a requirement for all BSAT users.
It is interesting to note that between 25% and 50% of organizations are conducting drug testing for pre-and ongoing access. One factor to consider, according to the Office of the Under Secretary for Defense, is that the FBI's security risk assessment, "does not consider suitabil-ity determinations for financial status, organizational associations, nor does it require initial/random drug testing" (Defense Science Board, 2009). However, the FBI's security risk assessment "automatically excludes any individual who illegally used a controlled substance at any time in his or her past or was convicted of a felony charge" (Defense Science Board, 2009).
One reason for this ambiguity about drug testing and the FBI background check may be the complication that many Americans take prescribed medications as part of their daily lives. In an article about drug testing in the workplace, Tony White writes, "A high proportion of workplace employees already take drugs, but these are in the main medically prescribed or over-the-counter medications" (White, 2003) .
Between 25% and 50% of organizations are also conducting financial/credit checks for pre-access and less than 25% are conducting financial/credit checks for ongoing access. No organizations use a polygraph for pre-access suitability assessment and only 5% are using it for-cause. Table 15 Personnel Suitability Program Components at Institutions with Tier 1 BSAT.
Articles
* No respondents indicated the use of a polygraph exam for pre-access.
Percentage of Respondents
Pre-Access Ongoing Access For-Cause
>75-100%
Criminal The most common pre-access suitability checks (>75%) tend to focus on whether an individual has a criminal history and has been truthful about his or her education and past work experience. More than 75% of respondents indicated that they are using a performance evaluation as part of their personnel suitability assessment for ongoing access.
The American Association for the Advancement of Science (AAAS), in conjunction with the Association of American Universities (AAU), Association of Public and Land-grant Universities (APLU), and the FBI, recently issued a report titled, Bridging Science and Security for Biological Research. According to the report, "Scientists and research institutions have been, and continue to be, targets of domestic terrorism, including violent animal rights and environmental extremism. Beyond acts of violence, government, private, and academic research institutions face theft of materials, trade secrets, and intellectual property; diversion of assets; espionage; and human error or negligence, which are more common and imminent risks" (AAAS, AAU, APLU, & FBI, 2013) . To prevent these risks, having an effective Personnel Suitability Plan in place that addresses the specific needs of the institution is of utmost importance.
This article presents the most common components for personal suitability and occupational health programs at organizations working with BSAT. The authors believe that future studies should include additional questions about drug testing, financial checks, psychological evaluations, and other personnel suitability checks currently being performed at institutions that work with BSAT. In trying to determine how the new regulations have changed the research landscape, another question should be asked: Did you stop working with Tier 1 BSAT when the new SAR requirements were released? Another area to evaluate would be whether the personnel suitability assessment process has actually identified any potentially unsuitable personnel. Perhaps a future question could be: Have there been any "for-cause" evaluations and what were the outcomes?
Overall, the Guidance for Suitability Assessments and the Occupational Health Program Guidance Document for Working with Tier 1 Select Agents and Toxins provide a general roadmap for institutions working with BSAT. However, professional organizations, such as the American Biological Safety Association and the federal government, can provide additional guidance on how to develop a successful occupational health program as well as further guidance on personnel suitability programs. This guidance should consider the efficiency and effectiveness of the plans as well as the added burden at institutions performing this research.
Conclusion
This article presents common management practices for personnel suitability and occupational health at organizations that have BSAT. The results show that there are different approaches regarding how to implement the processes for occupational health and personnel suitability programs. Organizations with Tier 1 BSAT should consider these results when evaluating and strengthening their own programs to maintain compliance with federal regulations. This article is not intended to endorse any specific elements for these programs as the authors acknowledge that there are multiple ways to comply with the federal requirements. Further, this report is not intended to be a substitute for a thorough review of relevant regulatory and institutional requirements and policies. The intent of this research is to provide organizations with ideas for achieving compliance using methods that have been implemented at peer facilities. Developing an optimal program that meets the requirements of the organization but also adheres to regulatory requirements is important. Methodologies to achieve compliance will vary depending on the needs of each specific program.
